ABSTRACT
INTRODUCTION
The first UV-Vis spectrophotometers came into general use in 1940's. Since then they have become the most important analytical instrument in many pharmaceutical, clinical and environmental laboratories. Because the UV-Vis spectra of substances are highly suitable for quantitative assays and for many substances they are useful as additional means of identification. Since the technique has become so commonplace, it is assumed that every scientist knows how to 'run' an absorption spectrum. However, a proper training in the technique, maintenance of the spectrophotometer, quality of the cells and solvents used is essential to achieve reproducible and reliable results. This paper investigates the importance of these factors referring to quality control tests required from pharmacopoeias and other reference books.
MATERIALS AND METHODS

Apparatus
Five UV-Vis recording spectrophotometers (Al, A2, Bl, B2 and C) were tested, which were produced from two different instrument manufacturers. Different models of the one manufacturer were coded as A and B (two of each were tested) and the one and only model of the other manufacturer is coded as C.
Seven matched quartz cell-pairs (path length = 10 mm) produced from two different manufacturers were tested.
Reagents
Analytical grade potassium chloride (KC1 ), sodium nitrite( NaN0 2 ), toluene, hexane, 4-5 % NaN0 2 solution : 5.000 g NaN0 2 is dissolved and made up to 100 ml with water.
5-0.02 % toluene (v/v) in hexane solution : 2.0 ml toluene is dissolved and made up to 100 ml with hexane. 1.0 ml of this solution is diluted to 100 ml with hexane.
Control of the Instrumental Baseline (Baseline flatness):
It should be ensured that there are no cells in the cell holders. The spectrum between 200-800 nm are recorded. Absorbance settings : 0.010 A.
Control of the Cell Baseline :
The sample and reference cells are filled with water and placed in the cell holder. The spectrum between 200-800 nm are recorded. Absorbance settings : 0.050 A.
If there are considerable differences from the instrumental baseline, the cells are changed and checked whether the deviation is reverse in sign.
Control of the Stray Light:
The absorbance of 1.2 % KC1 solution is measured at 200 nm against water.
The transmittance of 5 % NaN0 2 solution is measured at 340 nm against water.
Control of the Resolution :
The spectrum of 0.02% toluene in hexane solution is recorded between 200-300 nm. The ratio of the absorbance at 269 nm to that at 266 nm is calculated.
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Control of Wavelengths :
The spectrum of solution A is recorded between 200-400 nm using 0.005 M H 2 S0 4 as the reference. The absorption maxima and minima are compared with the wavelengths given in Table 2 .
Control of Absorbance :
The absorbance values of solution A and B are measured at 235, 257, 313 and 350 nm for the instrument tested and compared with the data given in Table 3 . The measurements should be made with 10 mm pathlength cells with the temperature controlled within the range 15 -25 °C using 0.005 M H 2 S0 4 as the reference. 
Control of the Precision
RESULTS AND DISCUSSION
The instrumental baseline is a useful check of the condition of the whole system. Even if measurements are made at a single wavelength, it is worth of scanning on each side of that wavelength to ensure that the baseline is not changing rapidly (1) . In this study five spectrophotometers of different models and age were tested. By all of them, the deviation of the baseline was out of the acceptable limits before baseline correction was made (Table la) . As an example, the baseline of the instrument coded as Bl was shown in Figure 1 However the effect of stray light on measured absorbance is dependent on the type of sample being measured. Consequently, this check serves to monitor the deterioration of the instrument only (1).
The resolution of the spectrophotometers is important in qualitative analysis only (3) (4) (5) . To find the resolution, the ratio of the absorbance at the maximum at 269 nm to that at the mini mum at 266 nm is calculated. The pharmacopoeias considered refer to the numerical value stated in the particular monograph. As an exception, BP 1990 requires that this ratio should be more than 1.5 (4). None of instruments tested met this requirement (Table lc) .
The accuracy of the wavelengths of the instruments were investigated using solution A, which was actually prepared to check the absorbance accuracy. Because wavelength standards such as holmium oxide solution (6) couldn't be obtained. K 2 Cr 2 0 7 absorbs approximately between 200-450 nm and have two maxima and minima at 235, 257, 313 and 350 nm. Accepted deviation for wavelength-readings in the UV region is ±1 nm. With one exception, all the instruments tested, passed this test, although it cannot be assumed that the wavelengths in the visible range were also correct ( Table 2) . In the common technique, sample cell was removed after each measurement from the cell holder, emptied, filled with the same solution and relocated in the cell holder for following absorbance measurement. In the proposed technique, sample cell was held in the cell holder during measurements. The emptying and filling process was made with a Pasteur pipette. The average of 10 measurements and the relative standard deviation (RSD) for both techniques were calculated. According to the results, there was no remarkable difference between the means and RSDs (Column Al, A2, Bl, B2 and C of Table 3 ). Conclusively, the proposed technique might be useful for spectrophotometers with relative older technology. which can be explained with the contamination that the cleaning procedure has failed to remove or fine scratchs that were not visible, when the cells are filled (Table 4 ). Figure 2 shows the absorbance deviation of cell baseline for matched cell-pair No.3 from acceptable limits.
BP 1980 requires that ethanol 96 %, ethanol absolute, methanol absolute and cyclohexane should have an absorbance, measured in a 1-cm cell at 240 nm with reference to water, not exceeding 0.100 A (7). This statement was discarded in the latest edition of British Pharmacopoeia. To find whether it is important or not, nine (Table 5 ). The results of the study show that achievement of accurate and precise results in uv-vis spectrophotometry depend on the maintenance of the spectrophotometer, quality of the cellpairs and solvents chosen for the assay. It can not be expected that spectrophotometers in use reach the performance of a brandnew one. Therefore, it is more realistic to set personal tolerances based on the level of performances that is required from the instrument. But as soon as the regular checks show that the performance has fallen outside these tolerances, action must be taken.
